Litz Wire from the German “Litzendraht” —
Litz for “strands” of wire and Draht - for
“wire”, is a special type of electrical con-
ductor that consists of multiple strands of
individually insulated wires that allow the
flow of high frequency alternating electri-
cal current without appreciable loss
because of electrical resistance or
impedance in the conductors.

The problem when using commercially
available Litz Wire, for harness assembly,
is how to efficiently terminate it. Litz Wire
is now being used in electrical harnesses
for interconnections to flat screen TVs, in
microwave ovens, for speaker connection
cables, electric vehi-
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increases in intensity, and forces the elec-
trical current even closer to the surface of
the wire as the frequency increases. To
avoid the detrimental effect of this phe-
nomenon, Litz Wire is used.

Litz Wire has many individually insulated
conductors, sometimes into the thousands.
The reason it is used is that the individual
Litz Wire strand’s diameters are very small,
and its radius will be about the same or
less than the depth of Skin Effect conduc-
tion. By bundling many individually insu-
lated small wires together, the end result of
the Skin Effect can be negated. If Litz Wire
is not used, and large diameter wires are

cle charging systems,
communications
equipment, etc.

Litz WIRE

When using alternat-
ing current, a phe-
nomenon occurs at
elevated frequencies
that force the outer
surface or skin of the
wire to carry most of
the electrical current.

This phenomenon,
called the Skin Effect,

Examples of Terminated Litz Wire Bundles
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substituted, excess wire material will be
wasted, as the inside of larger diameter
wire serves no purpose. Also, by using
larger wasteful conductors, much more
room will be required for the wire than
when using Litz Wire.

There are other methods that can be used
to eliminate the results of the Skin Effect,
such as using hollow tubing or clad met-
als, instead of solid large diameter Copper
conductors, or Litz Wire

NoON-LiTz WIRE TERMINATIONS

Stranded wire, where the individual
strands are not insulated is used instead
of a single solid wire because it is flexible
and can be bent around obstructions and
inserted into tight areas. Litz Wire is simi-
lar to normal stranded wire, but each indi-
vidual strand is insulated from its neigh-

boring strand. Litz Wire is usually made of
fine (small diameter) strands, as their size
is designed to accommodate the surface
depth of required electrical conduction
because of the Skin Effect phenomenon.

There are times that bundles of individual-
ly insulated larger wires are used for low
frequency applications, such as in the
manufacture of electric motors, transform-
ers, etc. These bundles of wire are not Litz
Wire, but individually insulated stranded
groups of wire, as they are not affected by
the Skin Effect phenomenon.

If say, you are winding an electric motor’s
stator with a large diameter wire or placing
heavy cable into the lamination of a trans-
former, it would be pretty hard to bend the
wires and get them into place. If only one
conductor is used, it might not even be
possible to bend the wire around the sta-

Examples of Terminated Non-Litz Wire Bundles
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tor's laminations or feed them through
and around obstacles in the transformer’s
laminations. However, you can substitute
many individually insulated smaller diam-
eter wires for one large insulated solid con-
ductor. These many wires can be bent and
angled much more easily than a single
large diameter wire.

The use of multiple strands of insulated
wire to solve the physical problem of
inflexible large wires, in building motors,
transformers or other inductive devices, is
similar to using Litz Wire to solve the Skin
Effect problem for high frequency applica-
tions. Both problems can be corrected by
using multiple smaller diameter insulated
wires in a bundle. However, the non-Litz
Wire bundles are used to solve a physical
problem, while Litz Wire is used to solve an
electrical problem. Using either type of
wire (Litz or non-Litz bundles) creates the
same termination problem.

SKIN EFFECT

The Skin Effect is a phenomenon where
electrical alternating current (AC) is forced
to the surface of an electrical conductor
(wire) as the frequency of the AC current
flowing through the conductor increases.
The higher the frequency, the shallower
will be the depth from the outer surface of
the wire, in which the current will flow.
Therefore, the Skin Effect causes the resis-
tance of the conductor to increase, above
the Direct Current (zero Hertz) measured
resistance, as the frequency increases,
and depth from the surface of the conduc-
tor where the current will flow, decreases.
This phenomenon occurs as the current
flow moves away from the strongest mag-
netic field area of the conductor, which is
towards its center. As the full amount of

metal in the conductor is not being used for
current flow, the actual current flow will
heat the limited area where it is being con-
ducted, and therefore, increases its resis-
tance, as it gets hotter and hotter, and
could possibly over-heat the conductor.
Remember, as a metal heats, its resistance
increases. If it continues to heat, its resis-
tance continues to rise, and a vicious cycle
occurs, until the metal melts.

When a metal conductor is used to carry
AC current, a separate alternating magnet-
ic field is created around the conducting
metals. The alternating magnetic field
results in a separate reverse voltage that is
induced within the metal’s conductor (in
addition to the electrical energy of the
alternating current that normally flows
through the conductor), and then gener-
ates its own counter current counter flow
in the conductors. This counter current
flow is the primary reason for the Skin
Effect phenomenon, which forces the elec-
trical current to the outer surfaces of the
metal’s conductor. The higher the AC fre-
quency, the closer to the conductor’s sur-
face the electrical current is pushed. The
center area of the electrical conductor,
therefore, does not conduct any real
amount of current. However, this center
area of the conductor can absorb heat gen-
erated by electrical resistance from the
outer current carrying area of the conduc-
tor.

Using large diameter conductors at a high
frequency serves no purpose. A really large
diameter single conductor might be more
efficient because the outer surface area of
the conductor (circumference times its
length) is larger than the diameter of a
smaller conductor’s outer conductor sur-
face area. However, the center of the con-
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ductor serves very little real purpose other
than as a conductor of heat away from the
surface where current is actually flowing.

Multiple small wires can also be used to
conduct high frequency current, as long as
the wires are individually insulated from
each other, and in close proximity. Un-
insulated strands of wire that are bunched
together cannot be used as they will touch
each other, and act as one large conductor.
By using many small individually insulat-
ed conductors, in multiples with as large
as a few thousand strands, large amounts
of very high frequency current can be
passed through these multiple conductors
without appreciable loss.

In very high frequency applications, hollow
tubing is, at times, used, as the center
portion of the conductor does not have a
real function. This hollow area can also act
as a conduit for cooling fluids to remove
any resistive heat. As an example, very
large diameter thin wall tubes are used as
conductors in radio transmitters. Fluids
pumped through the tube are used to cool
the conductors.

Copper-clad materials (not plated), such
as Copper-clad steel and Copper-clad alu-
minum can also be used, instead of solid
Copper for conducting high frequency cur-
rent. These bimetallic wires are cost effec-
tive, as they eliminate a large portion of
the expensive Copper metal. Also, when
using Copper-clad steel wire, the physical
strength of the wire is much greater than
when using 100% Copper wire. Copper-
clad wires are used for electrical transmis-
sion lines and feed lines for radio/TV
transmitters and antenna, as they are self
supporting.

Proximity Effect

Another phenomenon that relates to con-
ductors of high frequency current is the
Proximity Effect. Rather than go into
details concerning this phenomenon, let's
just understand that to eliminate its detri-
mental effect on the conductor, the strands
of Litz Wire must be held in very close prox-
imity and are normally twisted or braided,
so that the individual strand currents are
as physically equal as possible.

Litz WIRE CONSTRUCTION

As each individual strand of Litz Wire is
insulated, this insulation must be com-
pletely removed in the termination area for
a valid termination to occur. Also, after the
insulation is removed, all non-insulated
portions of the wire strands must then be
held together so they become a common
single strand where terminated.

Each individual strand of Litz Wire is coat-
ed with enamel type magnet wire (aka
winding wire) film insulation, or occasion-
ally a fiber type served (wrapped around)
insulation. Fiber insulation, as well as var-
ious other types of organic insulations can
also be used to enclose the outer bundle of
Litz Wire, to avoid Proximity Effect prob-
lems. For many applications, silk threads
are used to hold the bundles together.
These insulations are available in various
types that have specific thermal maximum
operating temperatures. Below is a list of
some, but not all, of these insulations:

Fiber Insulations Temperature Class

Silk Not Rated
Cotton 105° C
Nylon 130° C
Dacron 155° C
Nomex 250° C
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Glass 260° C

Film Insulations = Temperature Class

Polyvinyl Formal 105° C
Polyurethane 155° C
Polyester-imide 180° C
Ployester-amide-imide  200° C
Polyimide 240° C

Litz WIRE TERMINATION

As Litz Wire is made of many individually
insulated wires, it is difficult to terminate
bundles of this wire, unless all of the insu-
lation in the termination area is first
removed. Under normal circumstances,
not more than three conductors of film
insulated wire can be terminated by using
crimp terminals. The reason is that the
teeth in the crimp terminal will not be able
to make contact each and every time with
more than three of the wires. It’s possible
that four wires could make contact, at
times, but in a production atmosphere this
could not be guaranteed. At times, hun-
dreds or thousands of individually insulat-
ed strands of wire are contained in a Litz
Wire bundle.

If the film insulation can be removed in
some way, without damaging the integrity
of the wire, the wires could be soldered,
brazed, crimped, or welded together or to a
terminal. However, removing this insula-
tion is not easy without damaging the
wire’s physical structure. Until recently,
low temperature film insulation was used,
which could be removed by dipping the
insulated wire bundle into molten solder
which would burn the insulation off.
However, the trend, recently, has been to
use high temperature film insulation in
the range of Class F (155° C) or Class H
(from 180° C to 220° C), which molten sol-
der cannot break through. Crimp termi-

nals cannot make a satisfactory connec-
tion, because the terminal’s insulation
piercing teeth cannot reach every strand in
the Litz Wire bundle. Another method is to
use fused salts to chemically dissolve the
organic film insulation. This does not work
well, in production, as the chemical residue
from the salts cannot be completely
removed from inside the Litz Wire bundle,
after the insulation is dissolved.

Non-Litz Wire bundle strands, can be abra-
sively cleaned, strand by strand, if the
strands are large enough in diameter, so
that they will not be physically damaged
during cleaning. Abrasive removal will not
work for Litz Wire as the strands normally
are too small. Removing the insulation
strand by strand is a labor intensive and
time consuming process that is really not
productive.

The only proven successful production
method to terminate large bundles of insu-
lated wire is Tube Fusing, using the SN-
Fusing process. A terminal or tube is used
and all of the film insulated on each and
every wire strand is removed. Any outer
coating insulation (holding the wire
strands together) can also be removed dur-
ing Tube Fusing, if required.

WHAT I1s FusING?

The general term “Fusing” is a method of
joining low resistance metals with a type of
machine similar to a resistance welding
machine, but without appreciable distor-
tion or damage to the parts being joined.
Normally, when Copper is resistance weld-
ed (aka spot welding, butt welding, projec-
tion welding, etc.), it is drastically distort-
ed, to a point where some of the metal loos-
es its physical integrity. This does not
occur with fusing.
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There are two different methods of joining
metals that wuse the word Fusing,
“Commutator or Tang Fusing”, or a totally
different method called “SN-Fusing”. What
actually happens in commutator/tang fus-
ing (which is not the same as the SN-
Fusing process), is that the parts are heat-
ed, cleaned, softened and pushed together
until all the air between them is eliminat-
ed, and the high points of one metal part
are pushed into the low points of the other,
and vice versa. A surface adhesion contact
will then hold the parts together, which is
a physical connection. With SN-Fusing, a
diffusion metallurgical bond is developed.

As the strength of the Fused (not SN-
Fused) joint is not too secure, it must be
used only with parts, such as a tang ter-
minal or a wire slotted commutator struc-
ture, that are specifically designed to be
fused. The commutator or most tang ter-
minals are not designed to handle the high
temperatures required in the SN-Fusing
process.

SN -TiN

Tin (SN-Stannum) is a natural element
that is a silver white metal with a bluish
tinge. It is not oxidized on exposure to air
at normal ambient temperatures. Tin is
used mainly to coat metals, such as iron,
steel and Copper, to protect them from oxi-
dation, as well as being an ingredient in
soft solder. Pure Tin causes no harm to
humans. It is, therefore, used as the main
ingredient in pewter, which is made into
eating utensils for humans, as well as the
inside coating for some metal food con-
tainers and cooking utensils. Tin has a low
coefficient of friction, and therefore, is
sometimes used in bearings.

Below is a listing of some of Tin’s charac-

teristics and specifications:

» Atomic Symbol - SN

 Atomic Number - 50

» Atomic Weight - 118.70

* Melting Point - 231.9°C (449.4°F)

* Boiling Point - 2.270°C (4,180°F)

* Tensile Strength - (20°C) 1.52 KG/MM2
(2,161.94 PSI)

» Shear Strength - (20°C) 1.26 KG/MM2
(1,792.14 PSI)

» Commercially Pure Tin - 99.85%

Tin acts as a solvent of Copper. If Tin is
heated until it is liquid, and a bar of
Copper is inserted into the molten liquid
Tin, the Copper bar would eventually dis-
solve. This solvent action, called wetting, is
what allows Tin to coat Copper by dissolv-
ing its surface molecules. Tin adheres or
wets to Copper’s surface with a strength
comparable to that which a piece of solid
metal holds itself together, that is, by the
attraction between adjacent atoms which
are generally termed chemical forces. Tin
being attached by such forces, cannot be
mechanically pried off the Copper’s sur-
face. Further, Tin cannot be completely
drained off or wiped off when molten or liq-
uid, for the Copper’s surface remains per-
manently wetted by a film of it.

A Copper/Tin inter-metallic compound is
formed whenever Tin wets Copper. This
compound itself is not strong or advanta-
geous. Therefore, by using a minimum
amount of Tin which is brought into con-
tact with the base Copper alloy, for as short
a time as possible, we can “Tin”, wet or coat
the Copper, while keeping the Copper’'s
basic strengths and properties. For tinning
to occur, the Copper must be relatively
clean of any foreign matter. Without the
wetting of the Copper by the Tin, there is
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no tinning action, possibly only a mechan-
ical anchorage at surface irregularities.
Tin’s interface with Copper is chemical in
character rather than purely physical, as
it involves a non-mechanical or metal sol-
vent action.

The Copper/Tin inter-metallic compound
that is formed when Tin wets Copper is
called bronze. However, the alloy produced
when Tin wets Copper is Copper rich.
Bronze, traditionally, consisted of less
than 8% Tin. The Copper/Tin inter-metal-
lic compound that results from the wetting
action of the Tin, has more than 8% Tin
with the balance being Copper. This com-
pound approximates the strength of Tin,
and has none of the physical qualities of
bronze.

Tin can also be applied to Copper by elec-
troplating or chemical plating in an alka-
line sodium stannate solution or acidic
stannous sulfate solution. This electro
chemical tinning can be performed where
dipping an article into molten Tin would
heat damage it, or a pre-determined coat-

Time Line of the SN-Fusing Process

Start of the SN-Fusing cycle - Fusing
pressure being applied prior to initiation
of heat.

Magnet Wire s film insulation and for
foreign matter is vaporized.

The Tin at the joint’s interface wets and
cleans the surface of both copper
ductors.

The Tin and the resultant inter-metallic
compounds are removed or vaporized.

The ultra clean copper conductors are
fused together.

Cool down fusing pressure is applied after
termination of heating.

ing thickness is required. Electroplating of
Tin on Copper, is covered by (U.S.) Military
Specification: MIL-T-10727A. Coating
thickness is normally from 0.0001 to
0.0006 inch (0.00254 MM to 0.01524 MM).

SN - FusING

SN-Fusing consists of six basic steps.
These steps are carried out automatically,
usually in less than one second, during the
SN-Fusing process. At least one of the
parts being fused using the SN-Fusing pro-
cess must be coated with Tin.

1 - Fusing pressure is applied to the parts that are
being joined, until a preset level of pressure is
reached. At this point, heating is initiated.

2 - Heat is applied to the fusing electrode(s), and
then dissipated into the parts being fused.

3 - As heat in the parts being fused increases, first
the magnet wire’s film insulation, if any, is vapor-
ized.

4 - Then the Tin, which is at its molten point, acts
as a solvent to clean the surface of the Copper con-
ductors.

5 - As the dissipated heat increases, the Tin and
any inter-metallic compounds are vaporized and/or
driven from the joint’s interface.

6 - The resultant ultra-pure Copper at the interface
of the parts is then fused, resulting in a diffusion
bond. However, the fusing pressure must be con-
tinually applied, until the joint cools to a reasonable
temperature, or the plastic metals will break apart,
because of the contractual forces that are being
applied to them during cooling.

The Tin allows the conductors at the joint’s
interface to be ultra-clean. Because there
is no foreign matter or gases at the inter-
face, there is a mingling of molecules. In
actuality, this is a diffusion of vacancies

ALLEM, INCORPORATED

PosTt OFFicE Box AK ¢ RaAHwAYy, NEw JERSEY 07065 ¢ USA

WWW.ALLEM.COM




Working With Litz Wire

Page 8

where voids are filled with
matter that are in their plastic
state. If the conductors at the
joint’s interface are not ultra-
clean, a type of fused connec-
tion will occur, but there will
not be a true diffusion bond.
Instead, there will be a surface
adhesion effect, which is simi-
lar to what is described in the
above section on “What is
Fusing?”. When using Tin in a
joint, enough heat must be
applied to remove the Tin and
any inter-metallic compounds, (§
otherwise, the joint will be @
adulterated and a diffusion
bond will not take place.

Bare Stranded Wire Terminated to Multi Magnet Wire
Strands for an Induction Motor Using a Very Inexpensive

Tube Terminal

At least, commercially pure Tin must be
applied to one of the conductors, or the
terminal. With SN-Fusing of Litz Wire, the
tin is applied to the tube terminal. The
minimum thickness of the Tin on the ter-
minal should be approximately 0.0002”
inch (0.00508 MM) for Copper and 0.0005”
inch (0.012 MM) for copper rich brass. No
more than a 0.004” (0.1016 MM) coating
should be added. If too thick a coating of
Tin is applied, too much Copper will have

is performed during the SN-Fusing pro-
cess.

We have been talking about Tin (SN -
Stannum) - pure Tin. The SN-Fusing pro-
cess must use pure Tin, at least at the
99.84% level of commercially pure Tin, not
solder or any other Tin alloys. Any Lead
metal added to the Tin will retard the
cleaning effect, and introduce environmen-
tal and health problems. As we vaporize the

to be converted to inter-metallic com-
pounds and too much heat will be
required to force the Tin and these com-
pounds from the joint area. The heat
being applied to the joint is used to
remove any insulation, foreign matter,
Tin and inter-metallic compounds, not
to melt the Copper parts being joined. If
we could fuse two conductors that had
no insulation and an ultra-clean inter-
face, without requiring any pre-clean-
ing, we would use a relatively low level
of heat to accomplish this. The high lev-
els of heat are required, when cleaning
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Tin and inter-
metallic com-
pounds, particles
can be suspended

in the air.
Commercially
pure Tin and

Tin/Copper inter-
metallic com-
pounds are not
hazardous.
However, Lead
SPACE BETWEEN EACH | (metal), and its
WIRE, THUS MAKING | fumes or particles
PoINT To PoINT CONTACT| would have to be
BETWEEN EACH WIRE. | controlled, as they

are dangerous.

Rounp WIRe, WITH

SILVER AND GOLD

FusiNG
There are other
metals, Silver (Ag),
and Gold (Au)
which have prop-
erties that are sim-
ilar to Tin with
regard to its sol-
vent action against
Copper, and are

FLATTENED Rounp WiRg,| Sometimes used to
THus MakiNG Contact | Plate  or — coat
IN MoRe PLaces THan | Copper for fusing.

Rounp WIRE.

Silver has a higher
melting point, is
not as aggressive a solvent as Tin, but will
practically serve the same purpose. Silver
costs about as much per Troy ounce (1
Troy ounce = 31.1034768 grams) as Tin
costs per pound (1 pound = 453.597
grams). Silver would be used instead of Tin
only when the wire must be used in a high
temperature environment.

Gold (Au) also is a solvent of Copper, but is
not normally used as a coating for Copper
that will be fused, because of its extremely
high cost.

SN-FuUsING APPLICATIONS

The SN-Fusing process replaces many
known electrical conductor joining meth-
ods used today. It always produces a valid
joint at a lower cost, when compared with
the processes it replaces. It can be used for
producing Copper magnet wire connections
in place of soldering, terminal crimping or
terminal displacement. This is ideal when
terminating Litz Wire that is made with
high temperature magnet wire film insula-
tion, as the SN-Fusing method removes the
film insulation during the wire termination
process.

TuBe-FusING

When many (theoretically unlimited) indi-
vidual magnet wire leads, or Litz Wire, by
themselves, must be joined together or to
stranded or solid wire, a tinned tube can be
used. The tube acts as a gathering device,
as well as a mechanical terminal. The wires
are placed into a tinned Copper tube.
Fusing electrodes then engulf the tube and
it is fused.

The advantage of the tube is that the Tin,
inside the tube, cannot easily be removed
from the joint area, during heating, as the
tube holds it in place. Therefore, the Tin
tends to wet all or most of the wires inside
the tube before it is driven out of the joint.
This means that most, if not all, of the con-
ductors inside the tube, will be cleaned by
the Tin. Another advantage of the tube is
that it acts as a mechanical terminal. The
wires are gathered and trapped inside the
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TuBE TERMINATED BUNDLED MAGNET WIRE
BRAZED TO A BRASS THREADED BoOLT. THIS
ASSEMBLY IS USED AS A PASS THROUGH TERMI-
NAL ON A TRACTION MOTOR’S HOUSING.

THE SN-FUSING MACHINERY PRODUCES
ENOUGH HEAT WHEN REMOVING CLASS F orR H
MAGNET WIRE INSULATION, DURING THE FUSING
PROCESS, TO FLOW THE BRAZING ALLOY

PLEASE NOTE THE BLACKENED COLOR OF THE
CopPPER TUBE. THIS OCCURRED BECAUSE OF
THE FUMES FROM THE HEATED BRAZING ALLOY,
WHICH ARE NOT DETRIMENTAL TO THE WIRE’S
TERMINATION.

tube.

The tube is usually made from Copper
tubing that is cut to length and deburred
at the internal circumference ends. Tube
diameters are available from an internal
diameter of less than 0.125 inch (3.1 MM)
to more than 2.0 inches (50.8 MM). The
tube, of course, must be either coated or
electro-plated with Tin. A sealed tube that
includes a flag, or a large crimp type ter-
minal that has a tube shaped bore can
also be used. Provision for a pressure relief
orifice must be included in this terminal

design, so that any gases created during
fusing can be removed from the inside of
the terminal. If the tube is made from flat
stock that is rolled into the tube shape and
brazed, special tooling must be used for
fusing, but it can be fused.

Two types of Tube-Fusing machines are
available. One is a bench type machine
where the work being fused is brought to
the machine. The other is a fusing gun type
machine where the machine is brought to
the work being fused. The Tube-Fusing
system is designed to terminate from small
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size connections to extremely large con-
nections. Automatic tube feeding systems
are available for presenting the tubes to
fusing electrodes. These systems speed up
the joining process, as the tubes do not
have to be manually handled.

As each strand of Litz Wire is normally
made of round wire, the wires, if held
tightly together, will make point to point
contact and will leave air gaps between
themselves. This means that there will be
high resistance contact between the indi-
vidual strands. The ideal is to compress
the strands until they flatten against each
other so that they make large intimate
contact and eliminate just about all of the
air between them. We also want to anneal
or stress relieve these now compressed
strands, so that they do not attempt to
return to their previous round shape. Both
of these requirements are achieved when
SN-Fusing of Litz Wire or magnet wire
bundles in tinned tubes, because of the
high heat used during the process.

The quality of the SN-Fused connection is
excellent. Mechanically, the wires are held
in place and cannot normally be pulled out
of the fused tube. With fine strands, such
as Litz Wire, the individual strands will
stretch and break outside of the tube area,
when pulled. For bundles of very large
diameter wires, it might be possible to pull
individual wires out of the tube, but hun-
dreds of pounds (45.5 KG equals about
100 pounds) of force would have to be
applied.

Electrically, the fused connection between
individual strands and other strands, as
well as the tube, have an extremely low
electrical resistance. As an example, a
recent production study found that a bun-

dle of 76 wires, 1.06 mm each in diameter
wires (about number 18 AWG), have had
their strand to strand and strand to tube
electrical resistance measured at less than
half of a Micro-Ohm. Practically, this
means that the termination’s electrical
resistance is just about nil. It has been
shown in production studies that the resis-
tance of an SN-Fusing termination is equal
to a solder or brazed joint, but without the
problems incurred in making such a joint.

ETE S N R

SN-Fusing is a method of easily, inexpen-
sively and reliably terminating Litz Wire in
production. The resultant termination cre-
ates an electrical connection that is not
available by using any other wire joining
process.

This paper has been published in Wiring
Harness News.
Wiring Harness News can be reached at
10117 Main Street
Richmond IL 60071 « USA
815-678-4000
www.wireharnessnews.com.
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